treatment available. There are approximately 11,000 cases of acute SCI per year in North America; of the majority of these cases involve the cervical spinal cord. [15] The estimated annual cost to support and treat all patients with a SCI is over $4 billion. [20] Accordingly, the development of improved treatment modalities would be of enormous clinical and economic benefit. At present, surgical treatment is commonly performed in patients with acute SCI and involves decompressive surgery in the spinal cord and stabilization of the unstable spine following management of the patient's cardiopulmonary and general medical status. [14, 16, 21] Traction is also frequently applied as a decompressive method, either alone or followed by surgery. [1, 8] There is both experimental and clinical evidence to suggest that performing early decompressive procedures to treat the injured cord may result in improved neurological recovery. [1, [7] [8] [9] 13 ] The recent National Acute Spinal Cord Injury Study (NASCIS)-2 clinical trial provided evidence that the use of acute pharmacotherapy with methylprednisolone can attenuate the secondary injury cascade if administered within 8 hours of acute SCI. [5] To date, however, no trial has been performed to examine whether acute decompressive procedure undertaken within this critical 8-hour window can improve patients' clinical and neurological outcome.
Determination of the value of acute decompressive therapies is the most important clinical issue to be addressed in the management of acute SCI. [16, 23] This Surgical Treatment for Acute Spinal Cord Injury Study (STASCIS) pilot study has been designed as a preparatory step toward determining whether performing acute decompressive surgery in the cervical spinal cord (C3-T1) within 8 hours of acute SCI can improve patients' clinical and neurological outcome as compared with the more standard treatment in which decompressive procedures are performed after 24 hours or more of medical management. If the STASCIS pilot study shows that the protocol is feasible, a randomized controlled trial of acute decompression within 8 hours of injury versus subacute decompressive surgery after 24 hours or longer of medical management would be instituted.
CLINICAL MATERIAL AND METHODS
The main purposes of the STASCIS pilot study were to assess the feasibility and safety of performing acute decompressive procedures within 8 hours postinjury. Can the surgeons at the eight participating North American centers (see Appendix) perform surgical decompressive procedures in the cervical spinal cord (C3-T1) within 8 hours of trauma in cases of complete and incomplete spinal cord injury? Can early decompressive therapy be performed with an acceptable complication rate? Can decompressive therapy be accomplished in a high proportion of patients? To address these questions, each of the participating centers was asked to perform the acute decompressive therapy within 8 hours in as many patients as possible between October 1, 1996, and January 31, 1997.
The protocol, summarized in Fig. 1 , required the use of immediate neuroimaging by magnetic resonance (MR) imaging or computerized tomographic (CT)/myelography (before any traction could be applied for decompression) followed by acute decompressive surgery by 8 hours postinjury in those patients in whom imaging studies revealed spinal cord compression. One of the following three decompressive methods was to be used: 1) traction alone; 2) traction and surgery; or 3) surgery alone. Patients were not randomized, and specific consent for the study was not deemed necessary. Because surgical technique varied according to the location of injury in the spine and the nature of the injury, surgeons were not restricted in their surgical technique. Imaging studies were repeated as soon as possible after the decompressive procedure but within a maximum of 7 days posttreatment to assess the adequacy of the treatment. Outcome was assessed at 6 weeks and 6 months by using the American Spinal Injury Association ASIA [3] and NASCIS [5, 6] systems to score neurological status and motor and sensory recovery. 
RESULTS
A total of 26 patients were accrued from the eight North American centers from October 1, 1996, to January 31, 1997. It was estimated that this number represented less than 10% of patients with cervical spinal cord injuries admitted to these centers during this period. There were 22 men (84.6%) and four women (15.2%), with an average age of 30.3 ± 2.8 years (standard error of the mean) and a range of 18 to 68 years. Seventy three percent of the patients were less than age 35 years. The main causes of spinal cord injury were traffic accidents (58%), falls (15%), sports-related activities (6%), and violent events (4%). At clinical examination on admission, 13 patients (50%) were ASIA Grade A. All patients received postinjury intravenous methylprednisolone, but three patients (11.5%) did not receive the dosage and/or regimen recommended in NASCIS-2. [6] Significant difficulties were encountered in obtaining immediate imaging studies after acute SCI (Table  1 ). An average of 3.7 ± 0.9 hours (nine patients) was required for obtaining a CT/myelogram; and nearly 8 hours (7.5 ± 1.2 hours (21patients) elapsed before the MR imaging was performed. Six patients underwent both CT/myelography and MR imaging after admission. Fracture dislocation was the major radiological finding in 20 patients (76.9%); and disc herniation was detected in 10 patients (38.5%).
Traction combined with surgery was used as the method of decompression in most patients (17 patients, 65.3%). Traction alone was applied in four patients (15.4%), and surgery alone was performed in five patients (19.2%) (Fig. 2 ). An average 7.2 ± 0.7 hours postinjury was required for the application of traction in the 21 patients (80.8%) ( Table 1 ). Decompression by traction was achieved in only 11 patients (42.3%) after an elapsed time of 10.9 ± 2.0 hours postinjury. In these 11 patients, decompressive procedures were completed in only six patients (23%) within 8 hours of injury. Twenty-two patients (84.6%) underwent surgical decompressive procedures 38.0 ± 9.6 hours postinjury. This surgical group consisted of seven patients who underwent decompressive traction, 10 for whom traction was unsuccessful, and five patients who did not undergo traction treatment. Of the 22 operations performed, 14 operations were from an anterior cervical approach, six a posterior approach, and two operations required a combined approach. Another 2 hours were required before decompressive surgery was achieved (40.1 ± 9.6 hours; 22 patients) ( Table 1) . Only two patients (7.6%) underwent a surgical decompressive procedure within 8 hours postinjury. The surgical decompressive procedure was achieved in seven patients (27.0%) within 12 hours of injury. Neurological outcome was assessed at 6 weeks and 6 months from the time of injury using the ASIA [3] and NASCIS systems [5, 6] to score neurological status and motor and sensory recovery ( Table 2) . One patient died of overwhelming sepsis and pneumonia 2 months postinjury. Of the 13 patients who presented with complete injury of ASIA Grade A, 11 (84.6%) remained Grade A at 6 months. Five of 26 (19.2%) patients improved from Grade D to E at 6 months, recovering normal motor and sensory function, whereas there were no Grade E patients at the time of admission. These five patients underwent decompressive treatment at an average time of 30.8 ± 14.1 hours postinjury. Traction followed by surgery was the decompressive method in four patients in this group and traction alone was applied in one patient.
DISCUSSION
Recent advances in the safety and efficacy of surgical decompressive techniques to treat the spinal cord injuries offer significant potential for repairing some of the damage caused by spinal injuries. [21, 25] Furthermore, surgical decompressive procedures are commonly performed in North America to treat patients with acute SCI. For example, Tator, et al. [21] have observed that 56% of a prospective series of 208 patients with acute SCI underwent at least one spinal operation, and in a retrospective series of 1385 patients, 75% of patients underwent surgical treatment. [2] However, controversy exists as to the ideal timing (early versus late) and the benefits derived from undergoing acute decompressive seurgery after acute SCI. [16, 23] Thus, the role of acute decompressive surgery in improving neurological recovery remains unclear.
Proponents for early surgical decompressive procedures argue that early intervention may halt the rapid progression of pathological changes known to occur in the injured spinal cord and, thus, may also prevent neurological deterioration in the patients. [5, 6, 22] Early surgery may allow an earlier start of the rehabilitation process, thus decreasing the overall expense of managing patients with SCIs. [23] On the other hand, authors of several reports in the literature warn against performing early surgery in these critically injured and medically unstable patients. [17, 26] Marshall, et al. [17] found that more patients worsened neurologically after early surgery (< 5 days). However, modern methods of resuscitation and life support have allowed these patients to undergo surgery with minimal differences in complication rates between operative and nonoperative cases. [19, 21, 25] Results from the recent NASCIS-2 [5] and NASCIS-3 [6] trials have provided important insights into the benefits of early intervention in patients with SCIs. The use of acute pharmacotherapy with methylprednisolone can attenuate the secondary injury cascade and enhance neurological recovery if administered within 8 hours of acute SCI. In contrast, patients treated with methylprednisolone more than 8 hours postinjury showed no significant difference in neurological recovery compared with patients who received a placebo. [5] Experimental and clinical evidence is accumulating to suggest that acute decompressive surgery performed in the injured spinal cord within a few hours of injury may also result in improved neurological recovery. Several experimental studies of decompressive surgery in the injured spinal cord have been performed in laboratory animals; most found that neurological recovery is enhanced by early decompressive surgery performed to treat the acutely compressed spinal cord in a variety of animal species injured by a variety of models of acute compression. [7, 9, 13] Because persistent compression of the spinal cord is a potentially reversible form of secondary injury, the duration of spinal compression was an important factor affecting neurological recovery in these animals. [9, 13] There have also been many clinical studies, almost all retrospective, that were performed to determine whether early decompressive surgery improves neurological recovery in humans with acute SCI. [1, 2, 4, 10, 11, 14, 16, 18, 21, 24, 27] In most of these studies, the early surgery group underwent surgery 24 hours or more after injury, and in general, there was no relationship between the timing of surgery and neurological recovery. Furthermore, in a recent randomized controlled study by Vaccaro, et al. [23] it was revealed that no significant neurological benefit with early surgery (< 72 hours) was achieved when compared with late surgery (> 5 days). However, the results of two encouraging studies have demonstrated enhanced in neurological recovery when traction reduction procedures are applied in cervical SCI cases in less than 8 hours. [1, 8] To date, no randomized controlled trial has been undertaken to examine whether acute decompressive procedures performed within this critical 8-hour time window can improve neurological outcome. Thus, the present pilot study was designed to determine the feasibility of performing acute decompressive procedures within 8 hours of injury as a preparatory step to examining whether this treatment of the injured cervical spinal cord within this time frame can improve outcome in a prospective randomized controlled trial.
This STASCIS pilot study showed that the 8-hour interval from trauma to decompressive procedure was too short to permit enrollment of large numbers of patients into the prospective study. Significant difficulties were encountered in many centers in obtaining MR imaging studies in patients with acute SCI (Table 1) . The delay in treatment may also have been related to the tertiary referral patterns present in the participating centers. The combination of required time for rescue, resuscitation, transport, imaging, and surgical preparation usually exceeded the 8-hour injury-to-decompression window. Only a small number of patients underwent initial baseline MR imaging and decompressive procedure within the 8-hour time interval. It is believed that earlier transfer of patients to the acute injury center can be accomplished through educational efforts directed toward first aid personnel and emergency physicians. Additionally, earlier access to MR imaging should be made possible by enlisting the cooperation of the radiologists. This is of particular importance, as indicated by the recent study from our STASCIS group, which found that CT scanning alone was insufficiently accurate to predict which patients with acute SCI had spinal cord compression. [12] That most of the patients with complete neurological injury (ASIA Grade A) did not improve confirms the irreversible and devastating nature of SCI. However, neurological recovery to normal motor and sensory function (ASIA Grade E) was observed in some patients with Grade D. Because this pilot study involved only a small number of patients and was not designed to determine the neurological benefits of early surgery, the significance of the observed improvement is not known. This issue can only be resolved by studying a large number of patients in a prospective randomized controlled trial.
In summary, we showed that, under the system of care in place at the study centers, it was not feasible to establish a radiological diagnosis of spinal cord compression and to perform decompressive procedures within 8 hours of injury. Indeed, only seven (26.9%) of the 26 patients underwent decompressive surgery within 12 hours. The information gained from this study has allowed us to identify the principal factors that delay early decompressive surgery, the most important of which were delayed referral and admission to the centers and delayed imaging studies. It is believed that these factors can be remedied to allow the development of a protocol for decompressive procedures within 8 hours of injury.
